>^HAT IS CLAIMED IS: 
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1. A biologically active transfer vector incoqxjrating no viral gaies 
coirpisii^ linked 

5 (a) a 5* loi^ tenninal iqieat (LTR) sequence daived from a 

VL30 l eti ot raosposop coiifxisii^ a trascdptioa tmfiaticn site 
forRNA; 

(b) an cncaBpddadon sequence positioned 3* of ii» ^S^^^TR; 

(c) a pmna* bindii^ site sequence doived from a ^^30 
10 leUoUa o sposon aod positiooed 3' of ^ 5* LTR; 

(d) a 3' LTR sequence doived from a VL30 letro^iansposoo 
positioned 3' of die pdmer landing sate vAadi indudes: 

(1) sequences necessaiy for pdyadeitylation of a RNA 
traosczipt imtiated in the 5* LTR; 
15 (2) sequences necessay for reverse transcription of Ae 

RNA tramcript from step (dKO into a douUe stranded 
cDNA; 

(e) a pdypisine tract sequence from a VL30 retrotransposon 
located 5 to tbe 3' LTR; and 

20 (f) secpiences widiin eadi LIR vMch are necess^ for 

ntfegradon of ^ bidogicalfy active tra^fer vector into- the 
geoooie of a rec^ent cdl, 
yiibaxm the vector sequences cooprise no more tban 2 kbp. 

25 Zr — .-The vector of daim 1 \wfaerdn tbe encapsid^on sequence is doived 
from a VL30 letrotransposon. 

3. The vector of daim 1 wherein the VL30 retrotransposoo sequences are 
derived from a mouse VL30 retrotransposon. 

30 

4. The vector of claim 1 selected frtxn the graiq) consisting of VLP, 
VLPB, VLPP, VLPPB, VLCN, VLDN, VLPBN, VLPBNS, VLPPBN, 
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" VLPPBNS, VLSN, VLPSNO, VLATGSAF, VLBEN, VLPPBGZ, 
VLIL2EN, VLATC3F, VLATGR, VLOVBGH, VLSVP, VLATGSAR 
aDdVL30-MVM. 

5 5. The vector of claim 1 wbaian the honx^ogy of tbe vector sequences 
to nmimie leukemia virus viral hdpear sequences is reduced so that fte 
likelihood of recodiiDadoD betweoi the vector dod nssiDe leukemia 
viius is decreased or diminated. 

10 6. Tlie vector of claim 1 fislher comprisii]^ at least one ATG codon, 

positioned 3' of the transo^eo initiatioa site fx RNA located in the 
5* LTR, followed by a dtioit open reading fiaoe so diat RNA 
transcripts initiated in the 5* LTR and teminated within tfie 3' LTR of 
the vector are more effidenfly padc^ed into viiioos than the RNA 

15 transcripts are translated by ribosomes. 

7. Hie vector of claim 1 flsdier coofxising sequeoces recc^pized as 

^diig signals, positioned 3' of an initiatioo ssts fer RNA transoipts 
located in the 5* LTR, so that RNA transoipts initiated in the 5* LTR 
20 and tenmnated within the 3' LTR. of tiie vector aie more ^dendy 

translated by ribosomes than the RNA transcripts are padcE^ed'iiito 
virions. 

S. Tbe vector of daim 1 wheron ^ 3* LTR finther comprises a 
25 — - -tzaoscriptional unit 

9. The vector of daim 8 wfaexdn the traiscripdonal unit is a VL30- 
derived transcriptional unit 



30 10. 



The vector of daim 8 wherein the transcriptioiial unit is derived by 
amfAifybag DMA or messaigff RNA secpjeoces encodii^ a piesdected 
transcriptional unit v^ng oligonudeoddes windi contam at least a 
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portion of the p-eselected transcriptional unit. 

1 1. The vector of claim 1 further ccrapising at least one DNA sequence 
aKX)diiig a {H^c^ein, an autonomously rq^cadng denieot, or a 

5 sequence positioned 3' of the tran^ption initiation site in Ae 5* LTR. 

12. Ibevectorof daim II \^iiematfaeautoncoiousiyrq[^catingeleQ^ 
is a DNA tran^pc^on. 

10 13. llievectorof daim 11 \^i)exdndie3i^]oco30uslyrq^catii%danQ]t 
is a virus. 

14. The vector of claim 11 wherdnthe DNA sequence encodes a tofxin. 

15 15. The vector of claim 14 die DNA sequence oicodii^ the toxin 

ccxnirises two ewos. 

16. Thevectorofdaim 15 A^^Kreinesoo 1 ofthetoodn gene is inserted 
within the 3' LTR of die vector and is operaUy linked to a 

20 transcriptional unit, and exon 2 is inserted 3' of the 5* LTR of die 

vector and 5* to die 3' LTR of die vector sudi that dw cDNATfcrived 
from the vector encodes exon 1 then exon 2. 

17. Tbe vector of daim 11 Miiaein the DNA sequence encxxfcs a reporter 
25 — --gene or a sdectsMe marker gene. 

18. The vector of daim 11 whadn the DNA sequence is fdlowed by a 
polyd(T) tract 



30 19. The vector of claim 11 wherein the DNA sequence is operaWy linked 
to 331 iiitemal trans(^ptional unit 
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20. The vector of claim 19 wiiereiii the internal transcriptioiial unit OHifers 
tissue-specific transcaipti<m, hOTmooe-spedfic transcripdcm, ca* 
devdopmoital-specific Iranscripdcm. 



5 21. The vector of claim 19 ^^iiaiein tbe intenial transcripti<mal u^ 

doived by an^]lifying DMA or messenger RNA sequences oicoding a 
presdected tcaosaiptiooal uoit udng oligomideotides vAAdi contain at 
least a portion of the presdected transcriptionai unit 

10 22. The vector of claim 19 \ihBrdn the intenal transoiptional unit is a 
VLSO-daived transcdptional mit 

23. A mediod of prockicii^ ledpiaA cdls augmnrtfed with m esogoxxxs 
dod^e-strmded DNA compristt^ 

15 (a) padcif^ng the vector of claim 1 or RNA transcribed fiiom 

the vector by encapsulating the vector or RNA transaibed frcxn 
die vector in a lipid canier paiticle together Tvidi primers and 
eii2yrnes necessary for reverse transcription, integration, or 
bodi, to yidd a padc^ed vector or vector-derived RNA; 

20 (b) aqx)sing the padc^ed vector or vector-derived RNA to 

ied{Heot cdls so diat die material is taioai 17 by the T&xpiaot 
cdls; 

- (c) feoning douUe-straoded DNA firom die vector or vector- 
derived RNA in the lecqxent cdls; and 
25 -'- — - — (d) idaitii^fii^ or isdatmg recqpient cdls containing the double- 
strandedDNA 



24. A method of produdi^ double-stranded cDNA derived firm a transfer 
vector in a ledpieitf cdl comprising: 
30 (a) introdudng the vector of daim 1 into a donor cdl to yidd a 

transformed donor cdl; 

(b) tianscribii^ RNA from die vector in the tnoSfomiBd doner 
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cell to yidd vectc»- derived RNA; 

(c) padcaging tbe vector daived RNA into a viricm to yield a 
vinis conpisii^ vectOT-derived RNA; 

(d) exposii^ a red^neot cdl to the vims so diat tiie vims is 
5 taloen iq) by die red{Hent cdl; 

(e) revase trarxscriUi:^ vector-derived RNA fixxn the vims to 
fonn dodde-stranded cDNA in the icdpiaA cdl; and 

(f) identifying or isdating progeny of the TcdpkA e^ 
contaiinng the douMe-stranded cDNA 

.10 

25. The medbod of daim 24 in ^^cfa die donor cdl is sdected from the 
*^ group consisting of psi2 and PA317. 

26. The mediod of claim 24 Awfaerdn die douye-stnmded cDNA is 
15 infc^raled into the gencme of the recqiient cdl. 

27. The method of daim 26 idierdn the chromosomal location of the 
integrated fixm of die doidde-^rmded cDNA in a ieci]Heit cdl is 

visualized by means of in situ faybridizatioo. 

20 

28. TheniBdiodofdaim26fi]i:diercGai|xisingdGi]ingd)egg^ 
sequences of die redpieitf cdl flanking die int^ratjed dDNA into a 
bacterioph^ or i^asmid vector and the doned flmkii^ secpiences are 
egqiessed as RNA or protein in cultured cells. 

25 — - — 

29. Ibe mediod of daim 27 ^wherein the nudeotide sequence of die 
flanking DNA sequences are detemnned by mideodde setpioidi^ 
medxxk. 
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The method of claim 24 wha^ die redpeitt cdl is infected ^di a 
retrovims or a retrovims-daived vector. 
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31. ~ The metbod of claim 30 ^\iierem the douHe-stranded cDNA in the 

recipiart cell is transoibed so that the RNA daived fixjm the double- 
stranded cDNA is j^dcaged more eflfidoidy than RNA daived fixsm 
the retrovinjs ot die retroviral derived vector. 

5 

32. A method of trans&nii^ a DMA sequoice into an animai con^sii^ 

(a) insatii^ a ptesdected DNA sequence into the vect<»- of 
daim 1 3' of Ae traoscriptioo imtiadon ate in die 54^TR to 
yidd a DNA transfer vector, 
10 (b) introdudr^ the DNA trai^ftr vector into a dcoor cell to 

yidd a transfixmed donor cdl; 

(c) transcribiiig RNA from Ae DNA transfer vector in the 
traosfomied donor cdl to yidd a transfer vector RNA; 

(d) padcagii^ the transfer vector RNA to yidd a virion with die 
15 transfe vector RNA; 

(e) infecting a ledpiexA cdl widi the virion; 

(f) revsse transoitang the traisfer vector RNA padcaged in the 
virion in die red{neat cdl to yidd a cDNA; 

(g) identifying progei^ cdls of die redpient cdl containing die 
20 cDNA; and 

(h) inlrodidi^ the progeny cdls of Step (g) into an ofgxa, a 
tissue, an enixyo, or an ammal host 

35. The medud of daim 32 i^viioein the doEur cdl is sdected from the 
25 ^ — .-ffoap consisting of pd2 and PA317. 

34. Hie mediod of daim 32 \^ila:ein die ledpieitf cdl is an en^brypoic 
stem cell, a ]duripotent stem cdl, or an onbcyo. 
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The mediod of claim 32 whaein the redpient cdl is a bcme marrow 
cdl which is first treated with nryccf^iatdic add to raider it 
quiescent, and thai treated widi a cytddne to induce prdiferadon 
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during the infecticai of the bca^ marrow cell wiA the viricttL 

A w&dKfd of trans&mi^ a DNA sequmce into an animal ccxqirising: 

(a) inserting a p^selected DNA sequence into the vector of 
claim 1 3' of die transaipdon initiatioo site in the 5* LTR to 
yidd a DNA transfer vector; 

(b) intioducii^ the DNA irais&r vector into a donor ceil 
capsAAe of padcagi?^ nuddc add mdecuies wta a '^pon to 
yield a transfooned dooor cdl; % 

(c) introdudi^ the transfonned donor cdl, or progeny of die 
trans&miBd donor cdl into m ocgao, a dsaie, an . 
embryo, or an animal host, and 

(d) idaitifying a cdl Avilliin the animal in ^^ch a virion, 
comprising vector-dedved RNA, produced by the transformed 
donor cell, or progory cells of the transformed doner cell, has 
entered the animal cell, RNA has be«i reverse transcribed, and 
a resulting cDNA int^rated into the genome of the cdl. 

37. The method of claim 36 wherein die donor cdl is sdected from the 
20 group consisting of psi2 and PA317. 

38. A mediod of introdudi^ and expressing a DNA sequence in an 
oviduct or embryo of egg laying spedes comprising: 

(a) inserting a DNA sequence encoding a protein or RNA into a 
25 . vector to yidd a DNA transfer vector ^utedn die DNA 

sequence is operaUy linked to a trmscriptioQ unit in the DNA 
transfo vector, 

(b) introdudng the DNA transfer vector ii^ a donor ceil to 
yidd a transformed donor cdl; 

30 (c) transcribing RNA from die DNA trans^ vector in die 

transfoimed dona- cell to yidd RNA derived from the DNA 
transfo vectoi^ — 



36. 
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(d) packa^ng the RNA derived frcMn the DNA transfer vector 
into a viricm to yield a virus ccMUMising RNA daived from the 
DNA tiansfa: vector, 

(e) inttodudng the vims into the oviduct or germ line enJxyo 
5 of egg laying spedes; and 

(f) identifying animals v^di express the protdn or RNA 
encoded by Ac DNA sequence. 

The method of daim 38 wherein fee DNA sequence is opeipNy linked 
toa cfaidcai ovalbunnn gene promoter and a sigi^ pqitide. 

The mediod of claim 38 wherdn the DNA sequence is inserted into 
the vector of daim 1 3' of the trmscriptioa inttiadon site in the 5* 
LTR 

A medxxi of introdadng and expressii^ a DNA sequence in an 
oviduct or esnkxyo of egg l^ii^ spedes corryrising: 

(a) insotii^ a DNA sequence encodii^ a protdn or RNA into a 
vector to yidd a DNA trmsfo vector ^^iierdn the DNA 
sequence is operal^ liaked to a trsiscripdon imit in the DNA 
trmsfer vector; — 

(b) introcfaidi^ fee DNA ttansfo vector into a donor cell to 
yidd a donor cdl transfonned wife fee DNA transfe* vector, 

(c) introdudi^ the traisfixmed donor cdl, or progeny of the 
_ trmsfonned donor cdl, into fee oviduct or genn line embryo of 

^g laying q)edes; and 

(d) idoitifyiz^ animals ^di ejqxess the protdn or RNA 
encoded by^fee DNA seqpieoce. 

30 42. The method of claim 41 wherdn fee DNA sequence is operaWy linked 
to a chicken ovalbumin gme promoter and a signal peptide. 
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43. The medxxl of daim 41 wboTein the DNA sequaice is insated into 
d» vector of ddm 1 3' of the transcription initiatiOT site in the 5' 
LTR. 

5 44. The method of claim 41 \>vherdn Ae trmscription xmit is sdected fixxn 
the group coosistii^ of ai ovotraiKferin traiscnptioQ unit, an 
ovomucoid transcriipdoQ unit, ai ovalbucniii transcripdon unit^ a 
lyscai^me transcriptioQ vssX aod an avidin tiaDSC3q)tioQ mit^ 

10 45. A medxxl of iiseitii^ aod e?qxessing a DH\ sequence in a mamnaaty 
cell ccn^pdsii^ 

(a) opec^y liiddi^ a DNA sequence encodii^ a protein to a 
transcriptional promoter containing a hormone induciUe 
transciip^iou eiemecit aid a nsnxQaty cell q}ecific traiscrtptton 

15 fk'saxsA to yidd an expression vector, 

(b) inseztii^ die ejqxession vector into the vector of claim 1 3' 
of die traosoiptioQ initiation site in die 5* LTR to yidd a DNA 
transfer vector; 

(c) intnxbdi^ the DNA tramfer vector into a donor cdl to 
20 yidd a transformed donor cdl; 

(d) transcribing RNA from tije DNA Jransfer vector in-die 
donor cell to yield a traoi^ vector RNA; 

. (e) parknging die transfo vector RNA into a virion to yield a 
virus transfer vector RNA; 

25 . — . (f) introAidiig the virm into a inanin ai y cdl to yidd a 

transfermed mammary cdl; and 

(g) prodidiig a prcjtdn encoded by the DNA setpience in die 
transfermed mammary cell. 
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The mediod of claim 45 wherdn die manmary-ceU spedfic 
transoipdon demait is sdected fix)m dte grotjp consistii^ of a casein 
{Hxxnoter, a whey addic protein promota-, and a lactoferrin promoter. 



47. The metfaod of claim 45 tibe trmisfixnied vaasssresy cell is 

presectf in a manaiiaiy ^and of a iKXihuman mammal. 



48. The metfaod of claim 45 wh^ein exposing the tramfomried mammary 
5 cell to a honnone results in a diaz^ in the levd of pfx^dn mcoded 

by the DNA secpioice. 

49. A niediod of producing a dotdile-stranded cDNA. coid;so^||g^g 
v^cfa is QsapAkt, of homdogous recoml»ii2tiGn wilh a Dt^^Secpimce 

10 prBsent in the genome of a redpieot cdl, comprisii^ 



(a) linkii^ a pdyd(T) tract to the 3' end of the gene to yield a 
^ hybrid geiie; 

(b) iitrodiicing the h^aoA. gene into die vector of daim 1 3' of 
die transciqjdon initiadoa ate in 5 LTR to yidd a DNA 

15 trmsfer vector; 

(c) intzodudi^ die DNA transfer vector into a donor cdl to 
ykid a trmsfenned donor cdl; 

(d) transcribing RNA from the DNA transfer vector in die 
tnmsformed donor cdl to yidd a trm^ vector RNA; 

20 (e) padcagii^ die trmsfer vector RNA iito a viral paticle to 

yfcki a virus; " 
(Q exposiiig a redpient cdl to die vims so that die virus is 
. . taken up by die redpient cdl to yidd a transfexmed redpieot 
cdU 

25 -- — - — (g) reverse transcrilM^ die trmsfer vector RNA from the virus 
m die transfexmed redpient cdl to yidd a doidjle-^rmded 
cDNA derived from the hybrid gen^ aid 
(h) idextfifyii^ or isdating proger^ cdls of the trmsfocmed 
redpent cdl \vfaidi contain m int^ated ferm of die double- 

30 stranded cDNA 



50. A medud of expressii^ a toxin gene encoded by more~dian one exon 



~1n a recipient cell but not in a dtxwr cell as a result of tibe stnK^turai 
Fsarrangonait of the exoos dirii^ viral rqjlicaticai ccHi^sii^ 

(a) inserting ©oxi 1 of tbe toxin gaie into tbe 3' LTR of the 
vector of claim 1 \^laerdn exoa 1 is opeaMy linked to a 

5 traosaiption umt to yidd a hybrid vector, 

(b) iidirodudi^ tbe lanatnii^ exoos of die toxin goie into the 
l^^jrid ve<^ to yidd a DNA tnaisfer vector, 

(c) wirodadDg the DMA trmsfer vector ii^ a danofTcdl to 
yidd a traosfemiBd doDor cdl; 

10 (d) transoibing RNA from the DNA transfer vector in the 

traosfomied donor cdl to yidd a traiKfer vector RNA; 

(e) pgirkagmg the transfer vector RNA into a viial particle to 
yidd a viriB; 

(f) exposii^ a reelect cdl to the vims sctfiat the virus is 
15 tikm iq) by the redpient cell to yidd a trms&rmed redpioit 

cdl; 

(g) reverse trmscriUj^ the tcansfo vector RNA from die virus 
in the traDsfonned redpiei:^ cdl to yidd a doubl&-stranded 
cDNA; aiid 

20 (h) expressing die toxin from the dodsle-stianded DNA in the 

tcdl. 



51. A mo^ipd fer inczeasti^ the titer of viral stocks by introdudi^ a DNA 
sequence into a bidogicaUy active transfer vector to effect tbe 
25 — — ^qmEbmgn between the pariragit^ and translation of viral RNA 
ocmpnsi^ 

(a) introdudi^ a DNA sequence into the vector of claim 1 3' of 
a transoipdon initiation site in the 5 LTR to yidd a DNA 
tiBnsfbr vector; 

30 (b) introducing the DNA transfer vector into a donor cdl to 

yidd a txansfixmed dcsior cdl; 

(c) transcribing RNA from the DNA transfo vector in die 
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transfOTmed dcmor cdl to yidd a transfer vector RNA; 

(d) packagji^ tfie transfe vectcar RNA into a viral particle to 
yidd virions; 

(e) coUectiiig die viricss produced in st^ (d) to yield a vims 
stodc; and 

(f) delennining die titer of \inss stodc rdative to a virus stodc 
produced fiom the vector of claim 1. 

Tbe nasdiod of daim 51 vvbacem die DMA sequence cocnp^ a ^ce 
accqjtor site, a sf^ce doner site, or boA. 

Ibe metlKxi of claim 51 's^^ierdn die DMA secpmce cGO^xises at least 
c»e ^op codoa in the same readii^ fiaoie as an ATG codon \^iietdn 
die ATG codon is sqjsated fenn die stop codca by no more than 70 
base pairs 2aid die stop codon is 3* to the AJG. 

A mediod of ddivoii^ an autonomously rc^caimg DMA secpeoce to 
ibe gaKxne of a ieci|nait cdl compdsti^. 

(a) inHoducii^ a presdected autonomousty rqjlicadi^ 
sequence into die vector of daim 1 3' of die transoipdon 
imdadon site in tbe 5" LTR to yidd a DNA transfer vector; 

(b) introdudc^ die DNA trmsfer vector into a donor cell to 
. yidd a transfomied donor cdl; 

(c) transcribii^ RNA fiom die DNA transfer vector in die 
— traosfermsd donor cdl to yidd a transfer vector RNA; 

(d) paHcagmg (he transfe* vector RNA into a viral partide to 
yield a vins; 

(e) ejqioang a redpieot cell to die virus so diat die virus is 
taken iqi by the recipient cdl to yidd a HaDsfenned redineiit 

cdl; 

(f) revose transoibing the transfer vector RNA from the virus 
in the transfonned Fedplait cdl to yidd at leasts ^ngje- 



stranded cDNA daivea trcm the transfo- vectca- RNA; and 
(g) idortifying or isolating progaiy of die tzansfonned recipiait 
cell winch contain tfie cDNA. 



5 55. The medx)d of claim 54 \jsiierein the DMA se^pioKe is a DNA 



56. The medxxi of claim 54 vsiiodn the DNA secpience is 
autonomously replicating virus. 

10 

57. A method of rescuing a trmscripdoDal umt from a cdi compcisii^ 

(a) an^difyii^ DNA or messei^a- RNA sequences oicodir^ a 
pcesdected transoiptional unit usiz^ digonucleotides vvfaicfa 
c(»tain at least a poctioo of the presdected traoscrqjtioi:^ lant 

15 to yidd a transciiptional unit cassette; and 

(b) iisatir^ the transaiptioaal isnt cassette into the vector of 
claim 1. 

58. The mediod of dahn 57 wherein die transcriptional unit cassette is 
20 inserted into die 3' LTR of the vector of daim 1 5' of die setpioices 

necessary for reverse transoiption and pdyadaiylation. 

59. The medxxi of claim 57 wherein the tianscripdonal unit cassette is 
inserted 3' of die transoipdon irntiadoo site in die 5* LTR 

25 — — 

60. The mediod of datm 57 wherein the traoscripdooal unit is a long 
tenninai rq}eat 



61. A medKxi for reconstituting Wood with genetically modified 
30 hanatopoietic stam cdls derived fixxn bone marrow con^rising: 

(a) insextir^ a preselected DNA sequence into a LTR- 
containing vector 3' of the transoiption initi^oirsite in the 5' 



LTR to yield a DNA transfe vector, 

(b) imroducmg the DNA transfer vectcM- into a doDcx cdl to 
yield a transformed donor cell; 

(c) transCTibang RNA from Ae DNA transfo* vectOT in the 
5 transfixmed dcraor cdl to yield a trmsfo vector RNA; 

(d) padtaging Ae transfer vector RNA to yidd a virion with the 
transfe vector RNA; and 

(e) infectii^ bone nsnxm cdls wfaicfa were first tna^d widi an 
agoit to render the cdls cpiescent, and tfaeo treated i^h at 

10 least one cytokiiie to induce the proiiferadoo of die cdis with 

the virion. 

62. Ibe mediod of claim 61 wherein the LTR-containii^ vector is a 
retiDviid vector. 

15 

63. The method of dUdm 61 wheran the LTR-corrtaining vector is the 
vector of daim 1. 

64. The nisdiod of daim 61 fisther compristi^ intxcxkidi^ die infected 
20 boQB maixow cdls into an snmaL 

65. The mediod of daim 64 wherein the animal was sid}}ected to 
inacfiaiioa or adxr means for aUating die eodogeoous bone manow of 
the ^^i^^di 

prior to die iidioductido of the infected bone maxow. 

25 -- — — 

66. HiB mediod of daim 61 wherdn die cytddne is sdected from die 
group consistu^ of tumor necrosis &ctqr-alijia, leidcemia inhilstor 
&:tor, interleukin-U intedeuldn-3, interieuidn-6 and Sted &ctor. 
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A method for reconstitutii^ Hood widi goieticaUy mocfified 
hanatopmedc stan cells daived fixsm bone manow compiisii^ 

(a) insertii^ a presdected DNA sequence into the vector of 



claim 1 3' of the transcriptiai imtiaticxi site in tbe 5' LTR to 
yidd a DNA transfa: vectOT; 

(b) introdudsg ifae DNA transfer vector into a dxior cell 
c^i^e of packaging nucldc add moieades into a virion to 
yidd a transfonned dooor cdl; 

(c) inbrodudi^ the tras^jnned dooor cdl, or progeiQr of the 
trssfenned dooor cdl into £bi ocgm, a tisaie, aa cahsyo^ or an 
imimal bost, and "tl^^ 

(d) identLfyii^ a bone marrow cdl ^itinn the ai^^^^ a 
virion, comprising vector-derived RNA, pnxkiced by the 
transfixmed dooor cdl, or progoty cdls of the transfcrnied 
donor cell, has altered the animal bone marrow cdl, virion 
RNA has been reverse transcribed, and a resulting cDNA 
integrated into ifae geoooie of the booe marrow cdl. 

A method of lecoostitiidi^ tissues with goiBtically naodified 
enibryonic stem cdls ccmprising: 

(a) insert]]^ a presdected IDNA se(pieoce into a VL30-daived 
vector 3* of the trai^criptioa initiatioa site in the 5* LTR to 
yidd a DNA tratisfer vector, 

(b) tnirodudng the DNA transfer vector into a dooor ceB to 
yidd a trmsfixnied donor cdl; 

. (c) Iranscribiiig RNA fiom the DMA trans&r vector in the 
transfonned dooor cdl to yidd a transfer vector RNA; 
— (d) r'*^'^'^*g«Y die tracer vector RNA to yidd virions widi the 
transfer vector RNA; 

(e) infecting an embryonic stem cdl with the virions; 

(f) reverse transcribing the transfer vector RNA packaged in the 
virion in the eniicyonic stem cdl to yidd a cDNA; aid 

(g) idenrifyii^ ax±rycxiic stan cdls contatnii^ the cDNA and 
cultiBii^ the enjbcyonic ston cdls corrfaining die cDNA to 
pemst didr matis^^on. 



n 



69. The method of claim 68 vvhanein the VLSO-derived vectOT is tiie vector 
of daim 1. 

70. The method of claim 68 fiirdia' compnsiog introduciiig the matured 
5 embo'onic ^em cdls coitaiim^ the cDNA into an oigai, a tissue, an 

embryo, or an animai host 

71. The mediod of dam 68 ^^iierdn the endxyootc ^ssxo. cdN^g^been 
modified widi rB^)ect to the histocGiiipadbility^ aodgeos^p^^ on the 

10 stem cdl »s£ice. 

''12. A mediod of reconstitutii^ tis^ies yHAi genetically modified 
emlxyomc sloii cdls confTrisn^ 

(a) insertii^ a preselected DNA setpieoce into a VLSO-derived 
15 vector 3' of the trmscnptioa initiadon site in the 5* LTR to 

yidd a DNA transfer vector; 

(b) iniiodudng the DMA ttaisfer vector into a donor cdl to 
yidd a tzansfixmed doocr cdl; 

(c) inferodudng die tramfixmed donor cdl, or progeny of die 
20 traosfixmed donor cdl ii^ ai oigai, a tissue, £bi embiyo, or m. 

amnal ho^ aad — 

(d) idend^nng ai embcyomc stem cdl, or progoiy thereof 

. . widan the amral in ^di a virion, comprising vector-derived 
produced by the transfecmed dooor cdl, or progeny cdls 
25 ^ — . — of die transfenned donor cdl, has entered the emixyonic stem 
ceil, virion RNA has beat leverse traiscribed, and a lesultii^ 
cDiNA integrated into die genxne of die embryonic stem cdl. 

73. Themediodof daim 72 wherein the VL30-derived vector is die vector 
30 of daim 1. 
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A mednd of increasing die resistaif% of a cell to infection by a 
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"retrovinis ccHnprising introducing at least one retrotranspos«i-derived 
vector 4at is transoibed at a hi^ eflSdoicy into tiie cell so that RNA 
transcribed fixxn tbe retrotransposon vector outccrapetes RNA derived 
fr(Kn the retrovirus fa: padcagii^ proteins car cellular translali(xiai 
madiineiy, followii^ infectioo by the retrovirus. 

A method of sdecdz^ retrotran^x)S0D-derived vectors vsMcfa rqdicate 
efSdeotly cbnfxisii^ . 

(a) inlrodudng a retrotranqxjsoiwiaived transfir vi^Qr into 
a donor hdper cdl to yidd a transfimiBd dooor h^xr ceil; 

(b) transoitang RNA fiom the E»|iA traDsfcr vectc* in tfie 
donor hdper cdl to yidd trans&r vector RNA; 

(c) padcagjng the transfer vector RNA ivilfa padsagtng protdns 
provided by the hdper cdl into a virioo to yidd a vims with 
transfer vector RNA; 

(d) infectii^ a different dotxx- hdper cdl with the vims; 

(e) reverse transcribing transfer vector RNA in the donor hdper 
cdl of step (cO to yidd a cDNA; 

trmscriWng RNA from the cDNA to yidd transfer vector 
RNA; 

(g) padcaging transfer vector RNA of step (f) withpadmging 
protdns provided by the h^jer cdl of slq> (d) iiao avirioo to 

. . yidd a viras with transfer vector RNA; and 

(h) repeating stqis (dKg) until die vector Wndi predominatBs 
— is one ^ch replicates mcxe effidentiy dian a vector whidi 

was not repeatedly passaged tbrou^ hdper cdls. 

The method of claim 75 \^herdn tiie DNA transfer vector is the vector 
of daim 1. 



ABSTRACT 



5 

VECTORS FOR GENE TRANSFER 

Improved recombinant retro transpo son vectors for gene transfer are disclosed. The 
synthetic vectors are truncated so as to reduce or altogether eliminate homologous 

10 recombination with retroviral helper sequences found in helper cells used to propagate the 
vectors, making them safer for use in humans and providing more space for therapeutic 
genes. The vectors transmit foreign DNA efficiently, are stable, enable abundant RNA 
expression from the retrotransposon transcriptional promoter, and through their diversity 
permit many useful applications in therapeutics and transgenics. Methods are described for 

15 rescuing tissue-specifics promoters obtaining expression in primary cells, mapping the 
genome and other techniques of therapeutic and transgenic utility. 



